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Abstract. Floods and droughts often worsen socioeconomic inequalities, as marginalized groups face
disproportionate impacts and have fewer resources to recover. Inequalities, in turn, limit their ability
to recover, and amplify the impacts of future hydrological extremes, creating vicious cycles of
worsening disasters. Yet, such floods and drought events can also serve as opportunities for
transformative change addressing underlying vulnerabilities and reducing inequalities. Progress in
sociohydrology is essential for better understanding these two-way interactions, requiring case studies
and models of human-water systems that account for uneven risk distribution, along with global
comparative analyses using emerging datasets. We propose an interdisciplinary research agenda that
combines sociohydrological modelling, critical social science perspectives on power and inequality,
and the innovative, but carefully scrutinized, use of Al tools, such as text mining. This integrated
approach can reveal context-specific dynamics, and help break vicious cycles of disasters and

inequalities.
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Floods, droughts and inequalities

Hydrological extremes, i.e. floods and droughts, can exacerbate socioeconomic inequalities, as their
impacts are unevenly distributed. Marginalized communities are often hit the hardest and face greater
relative losses (Cappelli et al., 2021; Carter et al., 2007; De Silva and Kawasaki, 2020; Finch et al.,
2010a; Hallegatte et al., 2020; Tovar Reafios, 2021a), even if the absolute monetary losses may be
higher for wealthier groups with more assets to loose. Moreover, they tend to have fewer resources
to respond and recover (Finch et al., 2010b; Kammerbauer and Wamsler, 2017; Thaler and Hartmann,
2016a).

These unequal impacts are rooted in structural patterns of vulnerability shaped by intersecting
inequalities, such as socioeconomic status, gender, race and ethnicity disability, or age, and power
asymmetries (Andrijevic et al., 2020; Bates, 2023; Bolin and Kurtz, 2018; Choong et al., 2025; Cutter
et al., 2003; Elliott and Pais, 2006; Nature, 2023; Kruczkiewicz et al., 2023; Lindersson et al., 2023;
Rusca et al., 2023; Sanders et al., 2023; Savelli et al., 2023; Wing et al., 2022). For instance, the
development of risk reduction measures, such as dams and reservoirs alleviating floods and droughts,
often mirrors these inequalities. Their design and distribution are usually steered by economic and
political interests that exclude those most vulnerable (Rusca et al., 2023). Thus, power asymmetries
drive spatial and socio-economic marginalization, which can worsen disaster risk by concentrating

resources and infrastructures in high-income neighbourhoods (Collins, 2009; van Bavel et al., 2018).

The ‘Day Zero’ water crisis in Cape Town, South Africa, epitomises how the occurrence of
hydrological extremes can worsen socio-economic inequalities. Between 2015 and 2018, the region
faced a prolonged drought that drastically reduced water availability. Reservoir levels supplying the
city dropped to below 25% of capacity (Botai et al., 2017). In response, authorities imposed strict
drought restrictions and raised water tariffs. By January 2018, Cape Town residents were limited to
a maximum of 50 litres per person per day (Cooke, 2019). Marginalised groups living in townships
and informal settlements were hardest hit by the restrictions, while affluent and middle-income
households could offset the crisis by turning to alternative supplies, including bottled water, rainwater
harvesting tanks, and private boreholes built in response to the drought. At the same time, the drought

exacerbated existing inequalities.

Figure 1a shows that the city elite recovered shortly after the water crisis and improved their level of
water security by investing in alternative water sources, such as private boreholes (Savelli et al.,
2021). In contrast, the middle class and the urban poor faced prolonged drought restrictions and a

lasting reduction in water security compared to pre-drought conditions (Savelli et al., 2021).
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(a) Drought and water security across social groups in Cape Town (b) Income inequality and flood mortality across multiple countries
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Figure 1. Disasters can exacerbate inequalities, and vice versa. (a) Increased inequalities in Cape Town
after the 2015-2018 drought (after Savelli et al., 2021). (b) More unequal countries face substantially more
flood fatalities (after Lindersson et al., 2023). Inequality is quantified by the Gini index of disposable income
at the country level (Solt, 2025) in the year of each event; the sample was divided into three equal groups, with

“low inequality” defined as a Gini index below 34 and “high inequality” as above 42.5.

Socioeconomic inequalities, in turn, can exacerbate the impacts of hydrological extremes. Large
inequalities often reflect widespread poverty and limited resources to prevent, cope with, and recover
from disasters (Rusca et al., 2021). Taken together, these factors define the everyday realities faced

by marginalized populations and shape the outcomes of extreme events.

The deadly flooding in New Orleans, United States, following Hurricane Katrina (2005) illustrates
how inequalities can worsen disasters (Fussell et al., 2010; Jonkman et al., 2009; Kates et al., 2006;
Masozera et al., 2007). Low-income and marginalized groups were more exposed and vulnerable to
the destructive impacts of Hurricane Katrina, also due to decades of public disinvestment that had left
New Orleans increasingly racially segregated and economically uneven (Bullard & Wright, 2009).
Many could not evacuate in time due to limited access to private transport, such as cars, and lack of
public services (Masozera et al., 2007). Moreover, many low-income neighbourhoods consisted of
mobile or stick-built houses, highly susceptible to flooding (Finch et al., 2010b). These areas were
also disproportionately exposed to levee failures (Jonkman et al., 2009) and severe contamination
after flooding because of their proximity to toxic and industrial sites (Picou, 2009). The outcome was
catastrophic, with over 1,100 fatalities (Jonkman et al., 2009) and highly uneven recovery trajectories
(Fussell, 2015). For instance, African Americans did not only experience greater relative economic
losses, but were also four times more likely than white workers to lose their jobs in the aftermath of
the flooding (Elliott and Pais, 2006).
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Cross-national evidence shows that these dynamics also hold at a global scale. More unequal societies
tend to invest less in disaster risk reduction (Anbarci et al., 2005) and, as a result, are often more
severely affected by disasters (Oronce et al., 2020). Lindersson et al. (2023), for example, examined
the relationship between flood mortality and economic inequality, measured by the Gini index of
disposable income (Solt, 2020), and found that floods claim significantly more lives in unequal
countries (Figure 1b). The analysis was conducted using more than 500 geocoded records of major
flood disasters in 67 middle- and high-income countries between 1990 and 2018. Importantly, this
association remained robust even after accounting for potential confounders such as per capita GDP
and population numbers of the impacted regions.

These two-way feedbacks between hydrological extremes and socioeconomic inequalities (Figure 1)
can spiral into vicious cycles of escalating disparities and catastrophic impacts. Scholars across
different fields have explored the links between disasters and inequalities (Adger, 2006; Cutter et al.,
2003; Enarson, 1998; Lindersson et al., 2023; Parthasarathy, 2018; Rusca et al., 2023; Savelli et al.,
2023; Thaler and Hartmann, 2016b; Tovar Reafios, 2021b; van Bavel et al., 2018; Vin and Kawasaki,
2024). Recent reviews by Rusca et al. (2021, 2023) show a consistent pattern: privileged groups often
recover quickly, or even improve their circumstances, after the occurrence of extreme events, while
marginalized groups tend to recover slowly, or not at all.

Addressing these disparities requires a new generation of sociohydrological models of human-water
systems is needed that captures the distributional dimension of hydrological risk and explicitly
considers how vicious cycles of disasters and inequalities might be disrupted. Advancing such
models, hinges on embracing a range of theories and methods for the study of the interplay between
social and natural processes developed across multiple fields, such as disaster studies, ecological
economics, political ecology, social-ecological systems, and sociohydrology (Braun, 2015; Ferraro
et al., 2019; Folke et al., 2005; Kallis, 2010; Liu et al., 2007; Pahl-Wostl et al., 2010; Rusca, 2024,
Schliter et al., 2019; Siddigi and Collins, 2017; Sivapalan et al., 2012; Turner et al., 2003). In what
follows, we discuss how disasters and inequalities reinforce one another, explore the potential for

disrupting these vicious cycles, and propose an interdisciplinary research agenda.
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Vicious cycles and windows of opportunity for disrupting them

The two-way feedbacks between hydrological extremes and socioeconomic inequalities can spiral
into vicious cycles of escalating disparities and catastrophic impacts. These cycles can be further
accelerated by global change: socioeconomic trends indicate that the gap between poor and rich for
around 68% of the global population (Chrisendo et al., 2024; United Nations, 2020), while climate
change is expected to increase the frequency and intensity of hydrological extremes across many

regions worldwide (Intergovernmental Panel on Climate Change, IPCC, 2023).

Concurrently, the occurrence of major floods or droughts can potentially be a window of opportunity
for transformative change (Birkmann et al., 2010; Adger et al., 2005; Olson and Gawronski, 2003),
which may reduce inequalities. Efforts in disaster risk reduction, for example, can lower vulnerability
and promote equity. At the same time, measures for poverty alleviation can in turn reduce disaster
risk (Hallegatte et al., 2020). These synergetic effects have the potential to disrupt vicious cycles of
inequalities and disasters. Yet, there remains limited empirical evidence of these disruptions. Building
on this idea, Figure 3a shows a simplified system dynamics model (Mazzoleni et al., 2021; Mirchi et
al., 2012) to illustrate how disasters and inequalities can interact through reinforcing and balancing
feedbacks.
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Figure 2. Vicious cycles and their disruptions. (a) Reinforcing (R) and balancing (B) feedback loops
considering privileged (P) and marginalized (M) groups, whereby arrows indicate positive (+) or negative (—)
causal relationships between variables. (b) Resulting dynamics from the two loops, i.e. escalating inequalities

(R) and alleviating inequalities (B). Their relative strengths determine the composite trajectory (black line).

The example of Figure 3a focuses on well-being inequality between privileged (P) and marginalized
(M) groups. Initially, group M faces higher disaster risk than group P due to its limited capacity to
prevent, cope with and recover from disasters (Thaler, 2021). This disparity is exacerbated over time
by the reinforcing (R) feedback loop characterised by increasing disaster impacts and decreasing
well-being of M relative to P (red arrows in Figure 3a). Hence, the reinforcing feedback loop

represents a vicious cycle of deepening inequalities.
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The balancing (B) feedback loop hypothesises that the disparity in disaster risk for M relative to P
prompts regulatory actions to support M by e.g. providing resources for specific risk reduction
measures. These actions reduce disparities in disaster risk (blue arrows in Figure 3a). The strength of
the two feedback loops (R vs. B), plausibly shaped by political will and power relationships,

determines whether the vicious cycle of enhanced inequalities will be disrupted or not (Figure 3Db).

Despite scientific progress in understanding the interplay between disasters and inequalities, most
studies focused on single disasters in specific locations and/or only one side of the two-way feedbacks
between inequalities and disasters. Moreover, research on human-water systems and sociohydrology
has primarily focused on temporal dynamics, while the spatial heterogeneities of human-water
feedbacks have not been sufficiently explored.

Hence, key knowledge gaps remain, including: 1) limited understanding of the interplay between long
series of hydrological extremes and patterns of inequalities, and how these coupled dynamics are
influenced by climate change and socioeconomic trends; 2) the primary mechanisms underlying (the
breaking of) vicious cycles, across scales and along hydroclimatic and socioeconomic gradients, have
yet to be comprehensively explored; 3) it is still unknown which elements of the vicious cycles, and
their disruptions, are context-specific or reflect generic patterns that emerge under identifiable

circumstances.

These knowledge gaps hinder our ability to: i) explain how the spatial distribution of hydrological
risk changes over time; ii) project future trends across sectors and socioeconomic groups; and iii)
assess the long-term effects of alternative policies for disaster risk reduction, sustainable

development, and climate change adaptation.

Thus, there is a need to go beyond current approaches in sociohydrology that treat society as a
homogeneous entity (Savelli et al., 2022) and develop new analytical tools capturing that: i) floods
and droughts disproportionately affect some socioeconomic groups (Lindersson et al., 2023); ii) the
use and development of water infrastructure (e.g. levees, dams, and reservoirs) are intertwined with
political power and economic interests that make their costs and benefits unevenly distributed (Rusca
et al., 2023); iii) different segments of society contribute more than others in exacerbating water-
related disasters, e.g. unsustainable water consumption by privileged groups can turn droughts into

major water crises (De Brito, 2023).
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New models capturing inequalities

A new generation of system dynamics and agent-based models can build upon recent advances in
modelling complex adaptive systems (Liu et al., 2007; Schliter et al., 2019; Verburg et al., 2016) and
sociohydrology (Di Baldassarre et al., 2017; Gohari et al., 2017; Haer et al., 2020; Mazzoleni et al.,
2021; Pande and Sivapalan, 2017; Srinivasan et al., 2013) and address the above knowledge gaps to
inform policy and action for the disruption of the vicious cycles of inequalities and disasters.

New models should formulate alternative hypotheses explaining the dynamics of vicious cycles of
inequalities and disasters and their disruption, grounded in empirical studies and established theories
for studying human-natural systems (Di Baldassarre et al., 2019; Schliter et al., 2017). In particular,
agent-based models (Abebe et al., 2019; Aerts et al., 2018; Haer et al., 2020) can be combined with
system dynamics methods (Sterman, 2002) to capture feedback loops between multiple variables
more complex than the simplified example of Figure 3. These models should account for additional
mechanisms, multiple social groups, potential delays, threshold behaviour and other internal/external
drivers of change. They must also address fast and slow dynamics across spatial and temporal scales
(Bloschl et al., 2019; Yu et al., 2020), e.g. short-term measures for flood control vs. slow, cumulative
drought impacts on vulnerable populations. These models can inform the making of adaptive policies

that address immediate needs while also planning for long-term recovery and resilience.
Historical (temporal) legacy

Sociohydrological models should also be complemented by case studies of unequal distribution of
impacts and recovery trajectories across sectors and social groups to investigate how the historical
interplay of disasters and inequalities is shaped by: i) power relations and asymmetries (Savelli et al.,
2021); ii) the intersection of socioeconomic status, gender, race, and ethnicity (Sultana, 2018;
Zwarteveen et al., 2017); and iii) human behaviour, including cognitive heuristics in the decision-

making process (Aerts et al., 2018).

This requires pluralising knowledge with greater engagement between research fields.
Sociohydrology can build on recent work in disaster studies, political ecology, and environmental
justice that has been critical in exploring how inequalities are rooted in broader patterns of uneven
development. Scholars have shown how disasters can be exacerbated by structural processes
embedded in historical and ongoing systems of oppression, including racial capitalism, class struggle,
and colonialism, which continue to shape patterns of vulnerability and resilience (Andrijevic et al.,
2020; Bolin and Kurtz, 2018; Collins, 2009; Rusca, 2024; Sultana, 2022).
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Recognizing political and economic processes is essential for understanding the drivers and root
causes of the vicious cycles and their disruptions. Critical social sciences can be a complementary

lens to uncover politics and legacies.

Moreover, new case studies should go beyond the analysis of single events and explore long histories
of consecutive disasters (Ruiter et al., 2020) to uncover how socioeconomic status, gender, race, and

ethnicity have collectively shaped vulnerability over time in different segments of society.

Houston and the surrounding Harris County, for example, have been affected by several flooding
events, and have suffered the highest number of flood fatalities in the USA over the past decades
(Brody et al., 2011). An examination of consecutive flood events from 1996 to 2008 revealed a strong
link between socio-economic disparities, the presence of minority populations, exposure to high-risk
areas, and lower property values (Highfield et al., 2014). In the aftermath of these extreme events,
racial minorities (African Americans and Hispanics) faced disproportionately greater housing losses
and longer recovery periods (Peacock et al., 2014). Additionally, the reconstruction after the flood
events of 2005 and 2008 was emblematic of the risk of neoliberal responses in an unequal societies
(Rusca et al., 2021): private utilities avoided long-term infrastructure investments, shifted recovery
costs to customers, and neglected both risk reduction and the social impact on the most vulnerable
(Miller et al., 2011). Lastly, the reduction in public housing facilities further heightened the
vulnerability of minority communities (Hamideh and Rongerude, 2018). The legacy of these uneven
responses to flood events eventually exacerbated the catastrophic impacts of the 2017 flooding, which
were unprecedented (Rusca et al., 2021). Black, Hispanic, and other minorities, as well as lower
income households and people with a disability were disproportionally affected (Collins et al., 2019).
Low-income neighbourhoods also faced a slow recovery process due to less access to flood insurance

(Fernandez and Panich-Linsman, 2018).

Social and hydrological (spatial) heterogeneity

Global analyses of the unequal distribution of hydrological impacts and trajectories of societal
recovery across sectors and social groups, of greater complexity than those depicted in Figure 2, are
needed to investigate which elements of the vicious cycles and their disruptions are context-specific
or reflect generic patterns that emerge under identifiable circumstances. To this end, the growing
availability of satellite imagery and Al tools offers unprecedented opportunities for understanding the

dynamics of disaster risk.
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Recent developments in natural language processing (NLP), for example, enable the efficient
extraction of impact information from large text, such as newspaper articles (Brito et al., 2020;
Sodoge et al., 2024), government reports and Wikipedia entries (Li et al., 2024). This allows for
complementing existing datasets and mapping the uneven distribution of the impacts of floods and
droughts worldwide. NLP techniques can be employed to automatically detect and classify the
geographic locations of extreme events, identify affected populations, and uncover how these impacts
vary by social segments, such as elites, farmers, or urban poor. Furthermore, they can help us to
understand which societal actors are considered and whose voices remain unheard (Nunes Carvalho
et al., 2024). After adjusting for potential biases in the text data (Rodrigo-Ginés et al., 2024), these
tools can help produce comprehensive, high-resolution datasets on disaster losses and recovery
trajectories. This would allow for more nuanced analyses of how different groups experience and

recover from disasters.

However, Al and NLP tools also raise critical concerns. The production of data, like all forms of
knowledge, is shaped by power relations and involves choices that determine what becomes visible,
knowable, and therefore acted upon in policy responses (Dencik et al., 2019). Therefore, we advocate
for a reflexive approach to these tools that is attentive to potential biases and partialities of the data,

grounded in a broader understanding of the structural drivers of disaster impacts and inequalities.

Breaking vicious cycles

The disruption of vicious cycles, or poverty traps, typically requires both short- and long-term
strategies. The above examples of Cape Town and New Orleans showed that power relations matter
for breaking the vicious cycle of hydrological disasters and socioeconomic inequalities, which are

shaped by legacies of disinvestment, racial segregation, and uneven urban development.

Droughts and floods, while devastating, can also serve as windows of opportunity to address
underlying vulnerabilities and catalyse change (Kreibich et al., 2017). In the short term, equitable
interventions can provide relief and support to the most affected and marginalized populations,
ensuring that disaster responses do not reinforce existing inequalities. Simultaneously, long-term,
transformative approaches are needed to tackle structural and systemic factors that perpetuate
vulnerability. By linking immediate, equitable action with strategic, forward-looking interventions, it
becomes possible to break entrenched patterns of harm and foster resilient, just societies. We argue
that expanding knowledge of how these mechanisms operate across different contexts, through the
interdisciplinary research approach illustrated in this paper, will be essential to effectively

dismantling the vicious cycles of disasters and inequalities.
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Charting future opportunities
Unravelling the heterogeneity of the interplay between hydrological extremes and unequal societies
has not only the potential to help break vicious cycles and poverty traps, but also to contribute to

addressing major scientific challenges.

These include global initiatives of the International Hydrological Sciences Association (IAHS), i.e.
unsolved problems in hydrology (Bloschl et al., 2019), HELPING (Arheimer et al., 2024), and Panta
Rhei (Kreibich et al., 2025), as well as achieving a unified understanding of human-nature
interactions (Soga and Gaston, 2022), all of which are needed for establishing a safe and just operating

space for humanity (Oliver et al., 2022; Rockstrom et al., 2009).

New sociohydrological models can also inform more complex agent-based models (Haer et al., 2020;
Pérez-Blanco et al., 2022), be linked to global models of disaster risk (Fox et al., 2024; Winsemius et
al., 2016), and help advance and the modelling of climate change adaptation (Beckage et al., 2018;
Palmer and Smith, 2014) that currently overlook the heterogeneity of societal feedbacks (Donges et
al., 2020).

Combining theoretical and empirical work that integrate qualitative and quantitative information will
enable better explanations of the temporal changes in the spatial distribution of hydrological risk,
which is needed to better inform policies of sustainable water management, climate change adaptation
and disaster risk reduction. It will also open up new horizons and opportunities for science by moving
forward interdisciplinary efforts across physical, engineering and social sciences to study coupled

human-natural systems (Shin et al., 2022).

Progress in modelling heterogeneous human-water systems will also enable exploring the potential
effects of socioecological transformations (Willems-Braun, 2018), i.e. economic, cultural, and
political projects that have not yet materialised. Moreover, it will allow for the assessment of how
unprecedented or record-shattering events, i.e. floods or droughts of a magnitude that was not
previously experienced (Kreibich et al., 2022; Rusca et al., 2023), may affect different segments of
society in unequal ways. Such work is timely and crucial for generating knowledge that helps break
vicious cycles in which disasters deepen existing inequalities and disproportionately affect vulnerable

groups.
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